Phytoplasma is known to be associated with plant diseases in about 300 plant species from various families. Information on the presence of phytoplasma in bananas as one of the pathogens that can cause disease in bananas in Indonesia has never been reported. This research was conducted with the aim to detect the presence of banana phytoplasma by the nested-PCR method and to identify phytoplasma obtained based on the sequence analysis of the 16S rRNA gene. Standard PCR was carried out using P1/P7 primary pairs, followed by nested-PCR using a pair of R16F2n/R16R2m23SR primers separately that could amplify the target 16S rRNA genes in a row at 1600 bp. BLAST analysis shows that the results of phylogenetic analysis of banana phytoplasmic nucleotide cv. manggala from Tasikmalaya and cv. Raja nangka from Banjar has a genetic relationship that is closer to lethal wilt oil palm Phytoplasma (Candidatus Phytoplasma asteris). This phytoplasma belongs to the 16SrI-B group (aster yellows).
INTRODUCTION
Phytoplasma is known to be associated with plant diseases in about 300 plant species from various families. Phytoplasma is considered as a potential pathogen that can cause harm to plants. The host range of phytoplasma host plants is quite extensive, including a variety of cultivated and non-cultivated plants, both biennial and annual plants (Lou et al., 2013; Al-Saleh & Amer, 2014; Alhudaib & Rezk, 2014) .
Diseases caused by phytoplasma are more reported to cause symptoms in some agricultural commodities such as aster yellows, decline peach, the proliferation of apples, coconut lethal yellowing, and yellow grapevine yellowss (Agrios, 2005) . Phytoplasma has been found to be associated with disease in a large number of plants throughout the world with symptoms that vary depending on host type, phytoplasma strain, and environmental factors, with symptoms such as yellowing or purple discoloration of leaves and shoots, phyllody, dwarfs, broom diseases, and even plant death (Dickinson et al., 2013) .
Indonesia is the sixth largest banana world producer. As one of the banana producer countries, Indonesia had produced 6.20% of the world's total banana production and supplied 50% of Asia production (Suyanti & Supriyadi, 2008) . Banana planting cannot be separated from diseases that can decrease both quality and quantity. Researches on banana diseases, especially those caused by phytoplasma has not been widely carried out in Indonesia. Information about phytoplasma banana disease mostly originates from other countries (Semangun, 2007) .
Phytoplasma in bananas had been reported by Davis et al. (2012) in Papua New Guinea and the Solomon Islands (Davis et al., 2015) . Symptoms seen in the field are wilting and yellowing leaves, intermittent vascular tissue which is brownish or black color, and necrotic. Information on the presence of phytoplasma in bananas as one of the pathogens that can cause disease in Indonesia had never been reported before. The aim of this study was to detect the presence of phytoplasma in banana with a nested-PCR method using universal primers P1/P7 and specific primers for phytoplasma and to identify and classify phytoplasmas obtained based on sequences of 16S rRNA gene analysis.
MATERIALS AND METHODS

Survey and Collection of Infected Banana Samples in Various Locations
The sampling of banana pseudostem tissue which was thought to be associated with phytoplasma conducted by doing a survey of infected banana plants and collecting pseudostem samples. Center of banana plantations was selected from each district using purposive random sampling method (Windari et al., 2015; Ismiyatuningsih et al., 2016) . The survey of infected banana was carried out in Bogor, Ciamis, Garut, Banjar, Tasikmalaya (West Java), Sleman, Bantul, Kulon Progo, Gunung Kidul (Yogyakarta) and Magelang (Central Java). Observation of infected plant tissue samples based on morphological symptoms seen in the field. Banana pseudostem was cut and the internal pseudostem tissue was observed (Wibowo et al., 2010) , then put in a sample paper. Some of the samples were inserted into vial bottles filled with CTAB solution, this was done because the banana pseudostem is easy to damaged (blackening tissue). Each sample was labeled with banana cultivar, sampling location, and its ordinate point.
Isolation of Total Plant Tissue DNA
Suspected phytoplasma infected pseudostem tissues were collected and DNA isolation was carried out. Phytoplasma DNA extraction was carried out using total DNA plant extraction method as described by Dellaporta et al. (1983) and Gibb & Padovan (1994) such as follow: pseudostem tissue was cut into small pieces and weighed as much as 0.5 g then put into mortar and added 700 µl of CTAB solution and finely crushed. Then put in a 1.5 ml tube and add 700 µl of CTAB solution. Incubation was conducted in a water bath at 65ºC for 30 minutes and shaken every 10 minutes. Then centrifuged at 10,000 rpm for 5 minutes. The supernatant was taken and put into a new 1.5 ml sterile tube, then added CIAA solution to 1.5 ml (taking CIAA solution to the lower layer) and shaken for 5 minutes then centrifuged at 10,000 rpm for 15 minutes. The supernatant was collected and put into a sterile new 1.5 ml tube and then added 96% cold ethanol solution to 1.5 ml, shaken until it dissolved, stored for one night. Then centrifuged at 10,000 rpm for 15 minutes. After that, the pellet was collected and 70% cold ethanol was added to 1.5 ml, centrifuged 10,000 rpm for 15 minutes. Pellets were taken and seen the purification. Pellets were taken then dried. After the pellets were dried, 50 µl of sterile aquabidest was added and stored at -20ºC.
Amplification of DNA by PCR
The isolated DNA was used as a template in PCR technique using several forward/reverse pairs designed from the 16S-23S rRNA gene region. The primary primer pair consisted of P1 (5'-AAG AGT TTG ATC CTG CAG GAT T-3') (Deng & Hiruki, 1994) and P7 (5'-CGT CCT TCA TCG GCT CTT-=3') (Kirkpatrick et al., 1994) . The next pair was R16F2n primers (5'-GAA ACG ACT GCT AAG ACT GG-3') and m23SR (5'-TAG TGC CAG GAC ATC CAC TG-3') (Constable et al., 2003) . The PCR reaction was carried out at a total volume of 25 µl, consisted of 12,5 µl GoTaq Green PCR master mix (2x), 1 µl (5 pmol) primary forward primer, 1 µl (5 pmol) reverse primer, 9.5 µl ddH2O and 1 µl DNA template, which were inserted into the PCR tube in cold condition using a micropipette and then homogenized using vortex. DNA samples from healthy plants were used as control. The initial step was denaturated the target DNA by heating it to 92°C for 1 minute, denaturation at 95°C for 1 minute, annealing at 55°C for 1.5 minutes, extension at 72°C for 1.5 minutes, final extension at 72°C for 5 minutes, and repeated to 35 cycles. DNA amplicon from standard PCR using a pair of universal phytoplasma primers (P1/P7) was then used as a template to be reamplified with nested-PCR using a pair of primers R16F2n/m23SR (Constable et al., 2003) . In this nested-PCR, the standard PCR amplicon was first diluted with the TE buffer at a dilution factor of 1:29, then as much as 1 µl of the dilution results were used as a template in nested-PCR. The heating cycle in nested-PCR was not different from standard PCR, except the primary annealing temperature was changed to 58°C (Duduk et al., 2013) .
Electrophoresis and DNA Visualization
The DNA from PCR amplification, 5 µl each, and 2 µl loading buffer were load in 2% agarose gel (containing ethidium bromide, in 1x TBE buffer). Electrophoresis was conducted by horizontal electrophoresis (Bio-Rad), 50 volt DC for 50 minutes.
To estimate the size of the DNA, a 1 Kb marker was used. The DNA bands formed by the electrophoresis results were observed above the UV transilluminator and subsequently photographed with digital cameras (Nurjanah et al., 2017; Dwimartina et al., 2017) .
DNA Sequencing and Phylogenetic Analysis
The positive result of the DNA amplification product from nested-PCR as much as 40−60 µl were then sequenced at PT First-BASE, Malaysia. The sequence of nucleotides sequencing results was then analyzed using Bioedit 7.1.7. and compared with nucleotide sequences in the GenBank database (http://www.ncbi.nlm.nih.gov/BLAST/) (Mahfut et al., 2016) . The phylogenetic between phytoplasma DNA was analyzed using several software, that are Clustal X, Clustal W and Mega version 7.0 (Kumar et al., 2016) . Phylogenetic analysis was also carried out on the phytoplasma DNA sequences in GenBank based on Wei et al. (2007) .
RESULTS AND DISCUSSION
Detection of Phytoplasma
Early detection of phytoplasma was done by observing the symptoms of the disease on banana plantations (banana plant centers) in Bogor, Garut, Tasikmalaya, Banjar, Ciamis, Bantul, Magelang, Kulon Progo, Gunung Kidul and Sleman (Table 1) . Typical symptoms of disease caused by phytoplasma in general that were seen and observed in the field were yellowing leaves, undeveloped fruit and brownish or wet and necrotic black in small discontinuous vascular tissue of the pseudostem part ( Figure 1) .
Phytoplasma is an obligate pathogenic bacterium from the Mollicute class that does not have cell walls (Lee et al., 2000) . Unlike necrotrophic bacteria such as Dickeya and Pectobacterium, or hemibiotrophs such as Xanthomonas which produce extracellular enzymes to break down the host cell walls (Joko et al., 2000; , phytoplasma infections can cause disruption of plant hormone balance such as an increase of up to ten times indole-3acetic acid (IAA). Phytoplasma can also affect the function of phloem tissue in transporting photosynthesis (Musetti, 2010) . The photosynthetic disorder causes lower carbohydrate accumulation and starch level in adult leaves, but that seems only a secondary effect and may be related to inhibition of transportation in phloem tissue. Higher carbohydrate levels in the leaves generally cause chlorosis as feedback from photosynthetic inhibition (Bertaccini, 2007; Maust et al., 2003) . However, lower translocation also had been seen in plants with less phytoplasma, this indicated that phytoplasma affects the phloem function and metabolism of host plants (Bertaccini & Duduk, 2009 ). Davis et al. (2012; reported that banana plants affected by phytoplasma infection showed symptoms of yellowing leaves, necrotic sacs, and discontinuous brownish or black-red vessels.
Detection of a phytoplasma associated with bananas was also carried out through DNA amplification using the nested-PCR method. Amplification using standard PCR with primary primer pair R16F2n / m23SR had successfully amplified the phytoplasma DNA fragments in the internal 16S rRNA gene region from the primary primer site P1/P7. The detection results with nested-PCR successfully amplified DNA bands measuring ± 1600 bp (Figure 2) . DNA Amplicon DNA from symptomized samples which were not able to visualize in agarose gel (PSimGrt, PKP1, PNTsk, and PKKP) were suspected due to too little or too much the amount of DNA. This could be due to fresh tissue plants or tissues that were still in shape and color used in the extraction process, using stored extracted DNA, adding high concentrations of primer or DNA template DNA, all of these resulting mispriming, that is, detecting non-specific target band or not forming target DNA bands. The presence of inhibitors that appear in plant tissues during the process of storing samples was included in the extraction process and interfered amplification process. The inhibitor could be a high salt concentration that in the PCR amplification process is able to inhibit Taq polymerase activity rate in synthesizing DNA (Handiyanti et al., 2018) .
According to Prasetyo et al. (2017) inhibitors in plant tissues can interfere with the amplification process. Nested-PCR was designed to increase sensitivity and specificity, especially for samples with less phytoplasma amplification so inhibitors can interfere with the success of PCR. In addition, the DNA amplicon from the first PCR which was diluted and subsequently became a template on the Jurnal Perlindungan Tanaman Indonesia Vol. 23 No. 1 150 second PCR was able to reduce the inhibitor concentration in the second PCR reaction so that the results of the phytoplasma DNA amplification were more optimal.
DNA Sequencing and Phylogenetic Analysis
Nucleotide sequences were PCR product result amplified using a pair of primers (R16F2n/m23SR) measuring ± 1600 bp which have been sequenced. Sequencing results showed that these nucleotides had similarities > 90% with several phytoplasma strains in GenBank. The results of phylogenetic tree analysis showed that phytoplasma nucleotide sequences from manggala banana from Tasikmalaya had a genetic relationship of 93% and the raja nangka banana from Banjar had a genetic relationship of 94% with lethal wilt oil palm Phytoplasma (Candidatus Phytoplasma asteris) and the lowest genetic relationship from the manggala banana from Tasikmalaya and the raja nangka banana were 87% with Candidatus Phytoplasma oryzae (Figure 3) . Description of GenBank from NCBI showed that lethal wilt of oil palm Phytoplasma (Candidate Candidatus Phytoplasma asterasteris) is grouped in the 116SrI-B (aster yellows). The possibility of Phytoplasma nucleotide sequences from of banana from Tasikmalaya and Banjar has might have similarities with lethal wilt oil palm Phytoplasma (Candidatus Phytoplasma asteris) found in oil palm (Elaeis guineensis Jacq.) from Ecuador because in the banana infected sample field there were oil palm trees that showed suspected phytoplasma infected symptoms. In Indonesia, there was a report that Kalimantan wilt disease that attacks coconut plants in the Sampit region caused by Candidatus Phytoplasma oryzae (Warokka et al., 2006) . Prasetyo et al. (2017) also reported on wilt that attacks coconut plants in Derawan Island, East Kalimantan caused by two different phytoplasma groups, which were witches broom Phytoplasma (16SrII group) and Candidatus Phytoplasma oryzae (16SrXI group). In Indonesia, it has never been reported about phytoplasma associated with banana plants. To prevent and suppress the spread of this disease, the centers of banana plants should not be adjacent to areas where there are many coconut plants. In addition, the role of the Agricultural Quarantine Agency in preventing the spread of this disease needs to be increased to avoid spreading to other regions.
CONCLUSION
Phytoplasma nucleotide sequences from banana cv. manggala from Tasikmalaya and banana cv. the nangka king of Banjar has a relationship with lethal wilt oil palm Phytoplasma (Candidatus Phytoplasma asteris), 93% and 94% respectively, and was in the 16SrI-B group (aster yellows).
